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Abstract

Osteoarthritis is a growing public health concern that increases with population aging, significantly
impacting quality of life and imposing a rising economic burden on healthcare systems. This study aimed
to analyze the cost of medical services for patients undergoing total knee replacement (TKR), to study the
factors influencing hospital costs and cost recovery of TKR. The data source was obtained from a multi
cross-sectional study using individual inpatient cost data from voluntary hospitals in the cost per disease
project, which calculated costs from a provider perspective and applied both top-down and bottom-up
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costing methods over five fiscal years (2018-2022). Patient data selection criteria included: (1) ICD-9-CM
procedure code 8154 for total knee replacement; (2) patients classified under the disease cluster (DC)
0803 the knee replacement group by the Thai diagnosis related group (TDRG) version 6.3; (3) hospital
stay at least three days; (4) the charge of Instrument (device and prosthesis) of at least 20,000 Thai Baht
(THB); (5) surgical and anesthesia costs at least 5,000 THB; and (6) patients aged 18 years and older.
The study specifically analyzed the costs and influencing factors for patients undergoing uncomplicated
knee replacement (DRG 08030 knee replacement without significant cost and clinical complexity (,wo sig
CCQ). Additionally, the cost-to-charge ratio and hospital cost recovery rate were assessed. The statistical
methods used were descriptive statistics and multiple regression analysis.

The results showed that 5,621 admission from 34 hospitals who underwent total knee replacement
(TKR) met the selection criteria. The majority were female (4,541 admission, 80.8%) with a mean age of
65.3 years (SD 7.2). Three quarters (4,197 or 74.7%) were covered by the universal coverage scheme. A
total of 5,395 admission (96.0%) were DRG 08030 (knee replacement wo sig CCC). The average hospital
cost per admission was 80,434 THB (SD 23,389), with a median of 76,596. Patients aged over 65 years
incurred the highest costs, averaging 81,284 THB per admission (SD 24,484), with a median of 77,077.
General hospitals and regional hospitals with 500-699 beds had the highest average cost of 88,117 THB
(SD 27,204), with a median of 80,259. This was followed by regional hospitals with 700-1,000 beds,
where the average cost per admission was 85,616 THB (SD 28,417), with a median of 25,243. Patients
under the social security scheme (SS) had the highest average cost per admission at 83,140 THB (SD
26,302), with a median of 78,657. This was followed by patients under the local administration officer
scheme (LA) with an average cost of 82,117 THB per admission (SD 24,820) and a median of 75,944.
Patients covered by the civil servant medical beneft scheme (CS) had an average cost of 80,933 THB per
admission (SD 24,175) and a median of 77,055, while those under the universal coverage scheme (UC)
had an average cost of 80,561 THB per admission (SD 24,102), with a median of 76,263. Regression analysis
of factors influencing costs showed that the length of hospital stays, hospital group, insurance scheme,
and prosthetic material costs significantly explained 86.12% of the variability in total knee replacement
(TKR) costs per admission (Adjusted R-square = 0.86, p < 0.001). Additionally, larger hospitals with 300
or more beds had lower costs compared to smaller hospitals. Overall, the cost-to-charge ratio (RCC) for
total knee replacement (TKR) was 0.81, with a cost recovery rate of 98.2%. The CS schemes had the
highest cost recovery rate at 118.8%. The SS had a cost recovery rate of 104.3%, while the UC had the
lowest rate at 92.9%. Regional hospitals with more than 1,000 beds had the highest cost recovery rate
at 123.8%, followed by general hospitals with 300-499 beds at 97.9% and general hospitals with 60-299
beds at 93.8%

In summary, the cost of TKR was relatively high and was influenced by length of hospital stay,
hospital group, health insurance scheme, and instrument costs. Hospitals achieved an almost full cost
recovery rate. The findings from this study could be used to improve the efficiency of resource allocation in
hospitals. At the same time, policymakers could utilize this information to plan resource distribution
for the prevention and treatment of rising osteoarthritis. However, caution should be exercised when
applying these findings, as they were based on data from a limited number of hospitals and better
hospital coverage should be the aim.

Keywords: hospital cost, total knee replacement, cost recovery rate
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5,621 38 ftheflongede 65.26 T (SD 7.17) ffihe
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Table 1 Demographic for inpatient with knee replacement
Demographics Unit Statistics Percent
1. Hospitals 71
2. Total cases (DC 0803) cases 5,621
3. Age (average, SD) years 65.26, 7.23 717
4. Age groups
e 18 - 44 years cases 34 0.6
e 45 - 64 years cases 2,557 45.5
e 65+ years cases 3,030 53.9
5. Sex
» male cases 1,080 19.2
» female cases 4,541 80.8
6. Health insurance scheme
« Civil servant medical benefit scheme (CS) cases 1,087 19.3
+ Local administration (LA) cases 128 2.3
» Social security scheme (SS) cases 150 2.7
« Universal coverage scheme (UC) cases 4,197 74.7
« Others (OT) cases 59 1.1

2. dunuvadlsaweruralunisiifaidsy
Fawiniiay
2.1 Fuyulunisindauasudeniien
Tunwsau
1nuani1sIasievy Uaelunqulsa
(disease cluster, DC) 0803 knee replacement
(nsWdinLUAsudeniien) dsm1u TORG wuadu
3 ngu Ao DRG 08030 MskIFAlAsuT oLy
fliifenududeud @y (knee replacement wo sig
CCO) Fuamutaesnndign 5,395 516 (Fevag 96.0)
3848931 A Nl DRG 08031 knee replacement w min
CCC 9w 207 578 (Fowaz 3.7) waz DRG 8032 knee

replacement w mod CCC 971u2u 19 518 (5owaz 0.3)
Tunwsmdunulunisquagtaengulsasindniudey
Fowifion Afuneulsaerunands 9.1 Jusose
fifunuiads 81,413 Umsiosne (SD 24,775) Anans
77,288 nugna1ungy DRG Wui1 #umny
dWutumuanududeunas Tuueululsmenuia
Imaﬁi\fﬂwﬂdu DRG 08032 knee replacement w
mod CCC Yuusuieds 14.4 fu fifunuiadogean
132,385 umsies1e (SD 51,881) Anas 125,971
InengueUag DRG 08030 knee replacement wo sig
CCC Fuupuinde 5.5 Yu wazdunuiads 80,864 U
#9518 (SD 24,241) A1nad 76,913 siakandly Table 2
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Table 2 Inpatients costs of total knee replacement by diagnosis related group

Average lengths Service costs of an admission

The number of L.
DRG DRG Name of stays (baht/admission)
admissions .

(days/admission) Mean+SD Median (Q1-Q3)
08030 | Knee replacement wo sig CCC 5,395 (96.0) 55 80864 +24,241 | 76,913 (65,261 — 87,791)
08031 | Knee replacement w min CCC 207 (3.7) 7.3 91,055 + 27,985 | 84,352 (71,880 - 100,883)
08032 | Knee replacement w mod CCC 19 (0.3) 14.4 132,385 + 51,881 | 125,971 (90,223 - 157,261)

Total 5,621 (100) 9.1 81,413 + 24,775 | 77,228 (65,825 - 88,184)

CCC = cost and clinical complexity, min = minor, mod = moderate, sig = significant, w = with, wo = without, Q = quartile, SD = standard

deviation

2.2 Fuuuimsmsindanasudewiiey
DRG 08030 knee replacement wo sig CCC

Fuhemadaduiiiednilvfisindaae
Yoiivy (DRG 08030 knee replacement wo sig
CCC) upulssweuralade 5.5 Ju funuiadgaan
80,434 UMFiBI1Y (SD 23,389) A1NaS 76,596
dlodinseinugasergwudn fuagerguinndn
65 U fldruughsainngn 2,879 $18 Juusulade

Table 3

5.6 Yu fidunuiadogian 81,284 Una eIy
(SD 24,484) A1na1e 77,077 5898941 AB Q’l’ha
91y 55 - 64 U 2,272 518 Juueulads 5.4 Ju
m”mqma?ia 80,536 uMA @Iy (SD 24,173)
AINANN 76,568 waziUleeny 45 - 54 U 214 g
Tuuowade 5.4 Ju ﬁunutaﬁa 79,202 UNNABIY
(SD 22,423) ANaNg 76,149 AINANU AaLdnaly
Table 3

Inpatient costs of total knee replacement without significant cost and clinical complexity by sex and age

The number of

Average lengths

Service costs of an admission (baht/admission)

Personal information of stays
admissions Mean+SD Median (Q1-Q3)
(days/admission)

Male 995 5.6 82,765+27,628 | 77,590 (66,601 — 87,941)
Female 4,400 55 80,434+23,389 | 76,596 (64,869 — 87,724)
Age groups
18 - 44 years 30 1.2 77,209 £ 17,073 | 77,975 (66,452 - 86,054)
45 - 54 years 214 5.4 79,202 + 79,202 | 76,149 (61,606 — 88,757)
55 - 64 years 2,272 5.4 80,536 + 24,173 | 76,568 (64,663 - 87,654)
65+ years 2,879 5.6 81,284 + 24,484 | 77,077 (66,033 - 87,820)

Total 5,395 5.5 80,864 + 24,421 | 76,913 (65,261 — 87,791)

Q = quartile, SD = standard deviation
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Fuueuiade 6.3 Yu ffuvuiady 82,945 vmsese
(SD 16,425) A1nane 81,882 FalanisIoazidunLiiu
Wulu Table 4

Table 4 Inpatient costs of total knee replacement without significant cost and clinical complexity by hospital groups
Average lengths Service costs of an admission Total service

Hospital | The number of .

of stays (baht/admission) cost
groups admissions

(days/admission) Mean+SD Median (Q1-Q3) (million baht)
1AB 962 5.0 64,427 + 13,732 | 60,134 (54,401 — 77,024) 62.0
2A 2,064 5.1 85,616 + 28,417 | 78,218 (69,490 — 93,524) 176.7
3AS 508 7.8 88,117 + 27,204 | 80,259 (72,570 - 94,946) 44.8
as 1,335 5.4 81,781 + 18,751 | 78,055 (70,545 — 87,620) 109.2
5M 526 6.3 82,945 + 16,425 | 81,882 (72,732 - 88,620) 43.6
Total 5,395 5.5 80,864 + 24,241 | 76,913 (65,261 - 87,791) 436.3

1AB = big regional hospital (>1,000 beds), 2A = regional hospital (700-1,000 beds), 3AS = small regional and general hospital (500-699 beds),
4S = general hospital (300-499 beds), 5M = small general and big community hospital (60-299 beds), Q = quartile, SD = standard deviation
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funuiedy 80,561 UMABTIY (SD 24,102) AINand
76,263 wazdnatann13u1s1¥ns I5Ue 1,034 51¢
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Table 5 Inpatient costs of total knee replacement without significant cost and clinical complexity by health insurance scheme

Average lengths Service costs of an admission Total service
The number of -
Scheme of stays (baht/admission) cost
admissions

(days/admission) Mean+SD Median (Q1-Q3) (million baht)

CS 1,034 5.6 80,933 + 24,175 | 77,055 (64,052 - 88,184) 83.7
LA 125 5.7 82,117 + 24,820 | 75,944 (69,551 - 86,740) 10.3
SS 143 6.0 83,140 + 26,302 | 78,657 (67,955 — 88,962) 11.9
ucC 4,037 55 80,561 + 24,102 | 76,263 (65,192 — 87,409) 325.2
oT 56 7.7 92,818 + 26,094 | 88,168 (75,770 — 101,539) 5.2
Total 5,395 55 80,864 + 24,241 | 76,913 (65,261 - 87,791) 436.3

CS = civil servant medical benefit scheme, LA = local administration, SS = social security scheme, UC = universal coverage scheme, OT

= others, Q = quartile, SD = standard deviation

masanuswuuliung Adlaudasteyalumasniiiu
533U%1A (natural logarithms; ln) ALUs9ase
wiatladeyinune (predictor) Usznaume 1) Tuusu
(actlos) 2) nqulsaneuna (hospital group) 3) @
Useriugunn (health insurance scheme) uag 4) Aumu
nuaneduigiiontaraunsal (Aunudeiivy)
Tnefnuaiuusuwasaunudownieududiuls
sioiiles (continuous variable) wazulastoyadiumu
Farniisadue n sizdeyaiin1suanuiatuy
Lduni dmdungulsameruna uagansuseiuavnimn
fvuadusudslaiseiiles (discrete variable)
HANITIATIENANNTTANARE NUT TUeY
naulsang1uta ansuseiuaunin wazdunuiag
ol figy @a1115005U18AMULYITHUYDIA UNY
nsHdadsudewiioudose egnefiveddny
N19a0A (probability of F test; p <0.001) way
A1 Adjusted R-square Winfu 0.8612 (e5u1ela
Yovaz 86.1) Insilofinsanusazdadoviune wui
1) Suuey wui1 Wedvasusulssneiuia
Wty 1 fu ssdanalddununisidaiddey

(]

Fowflousenedfiaty Sevas 2.4 ethelded iy
n9eid (p < 0.05) lemumilitadduq as

2) NgulsaneIuna wud Issneuiangy 1AB,
2A, 3AS wag 4S TfunumssdiniAsudor e
it Tsmeruiangs 5M egadidudifgnisais
(p < 0.05) Fovae 6.1, 9.2, 11.3 Wae 5.6 AUy 1ile
auaulidadodug Al (sameruiavuialng
funusininlsmenuauuean)

3) @nsuseiuguam wuin angvanyseiu
FUANNLYIYIA wazdnSuseiudeay ladliaany
Futud fuduyunisiadaasud e iy
ogaiifudAmnaada (o > 0.05) Woauaulsitade
Juq Al widleSoufiouanstnsisnig wuind
FununisHfaUasudeufisuginindnivdn
UseAuguaInuveui@ g aldedrAgynisada
(b < 0.05) Yovay 1.8 Wemuauliiladeduq asil

4) dunuteniion wuin Wedtheddunu
Tonfioy Windufosas 1.0 awdwalidununis
Kafadsud e ufsudoneifiududosas 0.6
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Juq asil wu fvualiduunsidaasutei
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50,500 UMReTIY FunuMIHIFAABUToLLTiew
ity Sovay 0.6 1Ju 81,349 UMABINY AILEARS
lu Table 6
4. SRTIEUAUNUADAISNYILALINTIAUYIUYVDY
TsaneunalunisguadUneritdaAsudamiioy
DRG 08030 knee replacement wo sig CCC
ansndufunusian$nen %38 ratio of cost
to charge (RCC) AuaINAuUULRALADIIEMNS
fhem3nwederoy M1sAnL mn RCC annndi 1

e UNUaINIIAITIYY 11N RCC Wowndn 1
nungfeFunuUAINIIAIFNYY Han1IAIUIAL RCC
MuANSUsEANguam wud Tluamsidlsameuna
fsuyuindslunisguagvisrifadsudewuiion
U 5,214 519 G’funma?is 80,864 UINNBIY
ArSnwadesese 100,148 um (RCC Wiy 0.81)
MINNA1T8U1 RCC 90an15uag Uigansaiasnig
1919075 (CS) Baldnsrwaevindu dfunuiade
81,061 UWAaIy A¥nwLadeseTIY 102,686
U (RCC Wiy 0.79) fuhe@niuseiudinutiiu
WfimlAsud ol uilsulsanerunaiidunuiade
83,140 UWMRDTEY AN NRALADTE 108,638 UM

Table 6 Predictors of total knee replacement cost per admission using multiple regression analysis

95% ClI
Model B S.E. t P value Adj R-square
Lower bound Upper bound
1. Actlos 0.024 0.001 38.320 <0.001 0.023 0.026
2. Hospital group
1AB -0.061 0.006 | -10.890| <0.001 -0.072 -0.050
2A -0.092 0.005 | -18.220 <0.001 -0.102 -0.082
3AS -0.113 0.006 | -17.570| <0.001 -0.125 -0.100 0.8612
as -0.056 0.005| -10.590| <0.001 -0.066 -0.045 | probability
5M Ref of F test =
3. Health insurance scheme <0.001
CStLA 0.018 0.003 5380| <0.001 0.011 0.025
SS 0.006 0.009 0.720 0.474 -0.011 0.023
ucC Ref
4. Ininstru 0.615 0.004 | 162.210 <0.001 0.607 0.622
Constant 4.596 0.041 | 112.620 <0.001 4516 4.676

Note: dependent variable = total knee replacement cost per admission ; number of observations = 5,395

actlos = actual length of stay, 1AB = big regional hospital (>1,000 beds), 2A = regional hospital (700-1,000 beds), 3AS = small regional and
general hospital (500-699 beds), 4S = general hospital (300-499 beds), 5SM = small general and big community hospital (60-299 beds), CS =civil
servant medical benefit scheme, LA = local administration, SS = social security scheme, UC = universal coverage scheme, (ninstru = natural
logarithm of instrument cost, Cl = confidence interval, SE = standard error
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Table 7 Cost and charge recovery for total knee replacement by health insurance scheme and hospital group

Average Average Average
The number Cost Charge
reimbursement| cost of an charge of an
Scheme of RCC recovery recovery
of an admission| admission admission
admissions (%) (%)
(baht) (baht) (baht)
CS 1,034 96,295 81,061 102,686 0.79 118.8 93.8
SS 143 86,699 83,140 108,638 0.77 104.3 79.8
uc 4,037 74,829 80,561 98,959 0.81 929 75.6
Total 5,214 79,412 80,864 100,148 0.81 98.2 79.3
Hospital group
1AB 954 79,544 64,268 91,300 0.70 123.8 87.1
2A 1,990 79,059 85,593 104,237 0.82 92.4 75.9
3AS 489 80,635 87,908 116,934 0.75 91.7 69.0
4as 1,276 80,079 81,784 95,203 0.86 97.91 84.1
5M 505 77,684 82,799 94,793 0.87 93.82 82.0
Total 5,214 79,412 80,864 100,148 0.81 98.20 79.3

CS = civil servant medical benefit scheme, SS = social security scheme, UC = universal coverage scheme, 1AB = big regional hospital (>1,000
beds), 2A = regional hospital (700-1,000 beds), 3AS = small regional and general hospital (500-699 beds), 4S = general hospital (300-499 beds),
5M = small general and big community hospital (60-299 beds)
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Annex

Table Annex 1 Inpatient costs of DC 0803 knee replacement.

IH

DRG08030 DRG08031 DRG08032
Hospital The Average Average The Average Average The Average Average
group Scheme | humber of | lengths of | cost of an | number of | lengths of | cost of an | number of | lengths of | cost of an
admissions | stays (days) | admission | admissions |stays (days)| admission | admissions |stays (days) | admission
(SD) (SD) (SD)
1AS (@) 187 53 65,456 7 4.9 64,650 0 - -
(12,732) (7,947)
SS 33 5.5 65,498 0 - - 0 - -
(12,732)
uc 734 a.9 63,909 21 6.8 75,527 1 15.0 86,277
(13,558) (15,831) (0.0)
Total 954 5.0 64,268 28 6.3 72,808 0 - -
(13,375) (14,922)
2A CS 366 5.1 86,279 20 8.1 108,703 0 - -
(29,897) (35,638)
SS 38 5.3 87,302 0 - - 0 - -
(31,017)
ucC 1,586 5.1 85,393 53 7.2 91,561 9 13.8 151,343
(27,879) (26,005) (55,770)
Total 1,990 5.1 85,593 73 74 96,257 0 - -
(28,310) (29,713)
3AS cs 104 8.1 89,440 5 10.2 119,014 1 25.0 212,597
(18,995) (49,075) (0.0)
SS 25 7.7 96,995 2 7.5 70,892 0 - -
(36,384) 823)
ucC 360 7.7 86,835 13 10.9 108,009 2 135 115,474
(28,547) (45,043) (35,709
Total 489 7.8 87,908 20 104 107,049 3 17.3 147,848
(27,319) (44,321) (61,497)
4s cS 306 5.5 81,334 20 5.9 83,269 0 - -
(20,606) (23,606)
SS 29 6.2 85,215 3 7.7 79,138 1 9.0 106,039
(17,145) (23,812) (0.0)
uc 941 53 81,824 a9 7.0 87,980 3 5.0 77,951
(18,109) (18,722) (9,093)
Total 1,276 5.4 81,784 72 6.7 86,303 4 6.0 84,973
(18,712) (20,218) (15,886)
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Table Annex 1 Inpatient costs of DC 0803 knee replacement.

DRG08030 DRG08031 DRG08032
Hospital The Average Average The Average Average The Average Average
group Scheme | humber of | lengths of | cost of an | number of | lengths of | cost of an | number of | lengths of | cost of an
admissions | stays (days) | admission | admissions |stays (days)| admission | admissions |stays (days)| admission
(SD) (SD) (SD)
5M ) 71 58 79,952 0 - - 0 - -
(15,934)
SS 18 59 84,113 1 9.0 78,312 0 - -
(9,638) (0.0)
uc 416 6.3 83,228 8 6.9 98,998 1 45.0 140,909
(16,849) (24,047) (0.0)
Total 505 6.3 82,799 9 7.1 96,699 1 45.0 140,909
(16,538) (23,527) (0.0)

1AB = big regional hospital (>1,000 beds), 2A = regional hospital (700-1,000 beds), 3AS = small regional and general hospital (500-699
beds), 4S = general hospital (300-499 beds), 5M = small general and big community hospital (60-299 beds), SD = standard deviation,

CS = civil servant medical benefit scheme, SS = social security scheme, UC = universal coverage scheme
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